More buck for less bang: Reconciling competing wildlife management interests in agricultural food webs by Allen, Benjamin L.
  	

More buck for less bang: reconciling competing wildlife management interests
in agricultural food webs
Benjamin L. Allen
PII: S2352-2496(14)00006-8
DOI: doi: 10.1016/j.fooweb.2014.12.001
Reference: FOOWEB 5
To appear in:
Received date: 5 August 2014
Revised date: 18 December 2014
Accepted date: 22 December 2014
Please cite this article as: Allen, Benjamin L., More buck for less bang: reconcil-
ing competing wildlife management interests in agricultural food webs, (2014), doi:
10.1016/j.fooweb.2014.12.001
This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
More buck for less bang: reconciling competing wildlife management interests 
in agricultural food webs 
 
 
Benjamin L. Allen 
The University of Queensland, School of Agriculture and Food Sciences, Gatton, Queensland 4343, 
Australia. 
Current address: Robert Wicks Pest Animal Research Centre, Biosecurity Queensland, Tor Street, 
Toowoomba, Queensland 4350, Australia. Email: benjamin.allen@daff.qld.gov.au 
 
Running head: Top-predators in agro-ecosystems 
 
  
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
Abstract 
Mammalian top-predators can have positive, negative and negligible effects on economic, 
environmental and social values, which vary spatially and temporally. Harnessing ‘pros’ while mitigating 
‘cons’ of top-predators remains a key management challenge, particularly outside reserves in agro-
ecosystems. In this study, long-term (1972–2008) and broad-scale (250,000 km2) datasets were used to 
explore co-relationships between rainfall, kangaroo abundance, beef-cattle calf production and dingo 
control effort in arid Australia. Best subsets and multiple regression analyses show that calf production 
fluctuates independently of dingo control, and kangaroo populations comprise 13–36% (mean 26%) of 
the combined kangaroo-cattle herd in any given year. Kangaroo abundance was associated most 
strongly with bottom-up forces (rainfall) as expected, but a combination of bottom-up (rainfall) and top-
down (dingo control) processes best explained variation in kangaroo abundance trends. Supplementary 
economic analysis indicated that ongoing kangaroo competition with cattle is far more costly to beef 
producers than the occasional predation of calves by dingoes. These results suggest that lethal top-
predator control practices in arid Australia may not be achieving their fundamental aim (to increase 
livestock production) because increased competition from native herbivores freed from top-predator 
suppression erodes the accrued economic benefits of a reduction in livestock predation. These data 
suggest that retaining top-predators outside reserves in agro-ecosystems may be advantageous to 
livestock producers and ecosystems where and/or when top-predators exert stronger effects on 
livestock competitors than they do on livestock. These data also highlight how increased knowledge of 
species interactions can reconcile competing wildlife management interests in agricultural food webs. 
Key words: 1080 baiting, Canis lupus dingo, Macropus rufus, overgrazing, predator-prey relationships, 
trophic cascade 
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Introduction 
The distribution of many wildlife species is declining. Reserves are set aside for wildlife conservation, yet 
there is growing awareness that reserves alone are unable to prevent fauna decline in many cases 
(Woinarski et al. 2011; Li et al. 2014; Runge et al. 2014). The area of land used for agriculture is also 
increasing. Conserving wildlife populations outside reserves in agricultural areas is becoming increasing 
difficult as the human need for agriculture increases. Finding ways to mitigate the impacts of wildlife on 
agriculture while enhancing the conservation of wildlife remains a key management challenge 
(McLaughlin 2011; Phalan et al. 2011; Wright et al. 2012). Some of the most seemingly incompatible 
interests include the conservation or maintenance of large mammalian predators in places occupied by 
livestock (Treves et al. 2013; Kansky et al. 2014), which are used for producing meat, wool, leather and 
other commodities of great value to local, national and international economies. 
Mammalian top-predators are ecologically important drivers of food web structure, yet they are rare or 
in decline in many places, particularly outside of reserves in ecosystems dominated by agricultural land 
uses (Estes et al. 2011; Ripple et al. 2014). Predation of livestock by terrestrial top-predators is a 
common source of human-carnivore conflict worldwide (Treves and Karanth 2003; Graham et al. 2005), 
and top-predators are routinely killed in many places to protect livestock and managed game from real 
and/or perceived predation impacts. The fundamental purpose of top-predator control in ecosystems 
dominated by grazing livestock is to increase livestock production. However, the direct and indirect 
effects of predator control on livestock production have not been well-studied in many places (for 
examples, see Allen and Sparkes 2001; Berger 2006; Hebblewhite 2011; Allen 2014). Predators often kill 
both livestock and competitors of livestock alike, suggesting that there may be merit in investigating the 
indirect benefits that predators may provide to livestock producers. If the negative effects of predators 
on livestock competitors are greater than their effects on livestock, then livestock producers might 
achieve greater economic returns by retaining predators rather than killing them. Harnessing ‘pros’ 
while mitigating ‘cons’ of top-predators remains a key management challenge (Fleming et al. 2014); but 
if such could be achieved, it could be a win-win situation for both livestock production and top-predator 
conservation in livestock production areas. 
Livestock production is one of the primary land uses across Australia (Hamblin 2001; Allen 2011), which 
is one of the world’s largest beef, wool, sheep-meat and goat-meat exporters (www.fao.org; 
www.mla.com.au; accessed July 2014). Much of Australia is also arid or semi-arid, where viable livestock 
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production is made possible only through the availability of artesian and sub-artesian water sources 
(Fensham and Fairfax 2008; Allen 2011). Such a system is typified by the arid beef-cattle (Order: 
Artiodactyla, Family: Bovidae; Bos taurus, B. indicus and their crosses) production zone of northern 
South Australia (NSA). Cattle compete for pasture with a range of herbivores present within this area, 
including native kangaroos (Order: Diprotodontia, Family: Macropodidae; predominantly Macropus 
rufus and M. robustus) and exotic rabbits (Order: Lagomorpha, Family: Leporidae; Oryctolagus 
cuniculus), feral camels (Order: Artiodactyla, Family: Camelidae; Camelus dromedarius), feral horses and 
donkeys (Order: Perissodactyla, Family: Equidae; Equus caballus and E. asinus) (e.g. Coman 1999; 
Edwards et al. 2010). The extent to which these species compete likely depends on a range of factors 
including vegetation availability, and their daily water requirements and movement patterns. The only 
predator of calves in NSA is dingoes (Order: Carnivora, Family: Canidae; Canis lupus dingo and other 
free-roaming wild dogs; Fleming et al. 2012a) which, at 15.7 kg mean adult bodyweight (Allen and Leung 
2014), are the largest non-human terrestrial predators in Australia.  
Dingoes are widespread and common across NSA and most of the continent (Allen and West 2013), and 
many areas are subjected to broad-scale lethal control (primarily poison-baiting with sodium 
fluoroacetate, or ‘1080’) in attempts to increase calf production (Eldridge et al. 2002; Allen 2012; 
Fleming et al. 2012b). Due to reinvasion, dingo populations usually persist in areas subjected to 
contemporary control efforts (Allen et al. 2013a). However, periods of spatiotemporally intensive 
control efforts can temporarily suppress dingo population abundances (Fleming et al. 2001; Allen et al. 
2013a). Importantly, dingoes are also thought to suppress kangaroos (Caughley et al. 1980; Pople et al. 
2000; Fillios et al. 2010; Letnic and Crowther 2013), one of dingoes’ primary prey in arid areas (Corbett 
and Newsome 1987; Thomson 1992; Allen and Leung 2012). Intensive dingo control is expected to free 
kangaroos from dingo suppression either by reducing dingo abundance or altering their social structure 
or group hunting abilities in ways that alleviate kangaroo predation (Allen 2013; Choquenot and Forsyth 
2013; Prowse et al. 2014).  
In this study, broad-scale historical datasets on rainfall, kangaroo abundance, beef-cattle calf production 
and dingo control effort from NSA are used to explore co-relationships potentially indicative of a trophic 
cascade from dingo control to beef cattle producers. It is hypothesized that dingo control suppresses 
dingoes and/or changes their function in a way that increases kangaroo abundance, that this leads to 
increased competition between cattle and kangaroos freed from dingo suppression, which may then 
constrain beef cattle production to levels lower than what might be achievable had dingoes not been 
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controlled and kangaroos suppressed. Data demonstrating all of these processes are not presented. 
Rather, whether or not the available historical datasets support this hypothesis is investigated. 
Manipulative experiments are required to confirm causal factors for the relationships identified here 
(Barbosa and Castellanos 2005; Hone 2007).  
Methods 
Official calf production records (1976–2008) and dingo ‘1080’ bait supply records (1972–2009) were 
obtained from each of the 39 beef-producing properties in the two cattle production regions of NSA, 
which encompass an area of ~250,000 km2 (Fig. 1). For management purposes, NSA is divided into the 
northeast (NE) and northwest (NW) pastoral regions, which are broadly separated by the usually dry 
Lake Eyre and Simpson Desert. Official kangaroo abundance estimates derived from standardized aerial 
survey techniques were also obtained (DEH 2008), but were available only after 1995 and for a selected 
core area within the NW region only (Fig. 1). For this reason, all analyses using data from the NW region 
were constrained to the 10 properties within and immediately surrounding this core area (hereafter 
‘NW core’). Calf production, 1080 baiting and kangaroo density datasets were sourced from the state 
government departments responsible for their collection and management. Historical daily rainfall 
records were obtained from the Bureau of Meteorology (www.bom.gov.au; accessed September 2013). 
Rainfall values for each region were derived from long-term weather stations at Cowarie, Clifton Hills, 
Innamincka, Marree and Frome Downs in the NE, and Coober Pedy, Marla and Todmorden in the NW 
core. Annual rainfall was calculated for the calendar year, January to December. Detailed descriptions of 
NSA, along with background information on contemporary dingo, kangaroo and cattle management 
practices are not described here, but can be found elsewhere (Wallis 1997; DEH 2008; Allen 2012; Allen 
et al. 2013a; Allen et al. 2014a).    
INSERT FIG. 1 
Dingo control (1080 baiting) data 
Information on the dingo control history of each property in NSA was taken from official 1080 poison 
supply records (see Allen 2010, available as supplementary material; and also Allen 2012 or Allen et al. 
2014b). These records showed the kilograms of meat injected with or tumbled in 1080 solution, which 
was converted to numbers of baits by dividing each kilogram of meat by seven, because approximately 
seven individual baits are cut from a kilogram of meat before being laced with 1080. Conversion from 
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‘kilograms of meat’ to ‘number of baits’ was necessary to incorporate recent records of manufactured 
1080 baits, which are supplied individually. Thus, these records identified how many poison baits were 
supplied to each property each year between 1972 (when baiting dingoes with 1080 began in NSA) and 
2008. Interviews with approximately half of the property owners or managers in NSA and the senior 
government staff responsible for bait supply verified that baits supplied were typically distributed within 
a few weeks of supply, usually in Autumn (April-May) and/or Spring (October-November) (Allen 2010). 
Although other means of lethal dingo control (e.g. opportunistic shooting) are not accounted for with 
this dataset, 1080 baiting has been the principal dingo control tool used in NSA since 1972, and all other 
approaches combined were negligible contributors to overall dingo control efforts in the study regions 
during the study period (Allen 2012). Bait supply records were used as a covariate of overall dingo 
control effort and its impact on extant dingo populations.  
Calf production data 
Annual calf production records for each property were collected from a property-specific ‘Stock Return’ 
detailing, amongst other things, the number of new calves branded and the number of branded cattle 
remaining on the property at the end of each year. Annual cattle data included all ages and both sexes, 
but did not include store cattle or those bought or sold, and as such, were unsuitable for calculating calf 
branding rates (i.e. the number of calves per cow), which could have been used as a coarse indicator of 
dingo predation of calves (e.g. Eldridge et al. 2002). Record collection methods also changed slightly 
during the period. Annual figures from 1976–2004 equate to 1st April to 31st March (i.e. calves branded 
between 1st April 1988 and 31st March 1989 are entered under the 1988 year). Whereas, 2005–2008 
figures equate to the fiscal year 1st July to 30th June (i.e. calves branded between 1st July 2006 and 30th 
June 2007 are entered under the 2006 year). Peak calving in the study area occurs over the summer 
(Williams 1989; B. Allen, unpublished data), which means that these changes to the reporting periods 
have minimal bearing on calf production data attributed to a given year. Changes of property ownership 
also occurred during the period, resulting in some early property-specific records being combined during 
later years. In other words, larger holdings with two or more paddocks were sometimes subdivided to 
form two or more properties in later years. Where this occurred, records subsequent to property 
divisions were restored to the original holding in order to retain consistency between calf production 
and bait supply records throughout the entire study period.  
Beef-cattle equivalents (kangaroo data) 
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Kangaroo abundance estimates were converted to beef cattle equivalents through standardized Dry 
Sheep Equivalent (DSE) conversion tables. A kangaroo was first determined to be equivalent to 0.35 of a 
sheep (Munn et al. 2008), which was then converted to a cow (see Standing Committee on Agriculture 
1990 for full details, which are summarized in McLaren 1997). Because kangaroos could be converted to 
a variety of different cattle types in this way, kangaroos were specifically converted to a 400 kg B. taurus 
beef cow feeding a 7–10 mo old calf (or 22 DSEs). This was chosen over other cattle types because it 
represented the primary purpose of NSA beef production (i.e. calf production), and the vast majority of 
cattle grazed in the region are B. taurus breeds, which are often Herefords (Fleming et al. 2012b). This 
choice also avoided converting kangaroos to growing steers or fat bullocks, which may have been more 
representative of areas outside NSA where fattening cattle was the primary purpose of beef production. 
The choice also attempted to account for various sources of calf mortality (such as predation or 
mismothering) by not converting kangaroos to a cow with a younger calf, which would have increased 
the estimated number of cow equivalents. No calf mortality was assumed to occur after 7–10 months of 
age. Thus, this approach essentially converted extant kangaroos to the type of calf-producing cows 
grazed in the study area. The combined number of these cows and cow-equivalents were summed to 
calculate the percentage of the combined herd that the extant kangaroo population represented. These 
data were further used in economic models to derive estimates of the potential annual economic cost of 
kangaroo competition to beef cattle producers in NSA (see also Wicks and Allen 2012; available as 
supplementary material), which is only briefly summarized here. The currency of all economic values is 
given in Australian dollars (AUD$). 
Analyses 
A series of rainfall and dingo control variables were explored using best subsets regression and multiple 
regression to identify factors affecting kangaroo density and calf production in the NE and NW core 
(Table 1), for the period 1995 to 2008 (i.e. the only period for which rainfall, baiting, calf production and 
kangaroo data were each available). The effects of rainfall and baiting on kangaroo populations and calf 
production are unlikely to be immediate, but rather lagged (e.g. Williams 1989; Wallis 1997; Pople et al. 
2010). Hence, assessed variables related to both cumulative rainfall and cumulative dingo baits supplied 
over the preceding five years, and also rainfall and baits supplied in individual years prior, or offset for 
up to five years. The best individual rainfall and baiting variables (i.e. those with the highest adjusted R2 
value and/or the lowest Mallow’s cp statistic) were then used to identify the best single-variable (either 
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baits or rainfall) and two-variable models (one baiting variable and one rainfall variable) for explaining 
kangaroo abundance and calf production trends. Analyses were performed in Minitab v16. 
INSERT TABLE 1 
Preliminary analysis had indicated that both the NW core and NE regions seldom controlled dingoes 
prior to 1990 (Allen 2010, 2012; see also Results). Subsequently, only the NW core distributed a 
substantial number of baits on a regular basis. Hence, relationships between calf production and baiting 
was further assessed for the period 1990 to 2008, separately for the NE and NW core. The relationship 
between rainfall and calf production was similarly assessed for this period.  
Results 
Trends in rainfall, calf production, dingo baiting and kangaroo abundance 
Rainfall trends varied considerably from year to year but showed an overall decline in annual rainfall 
from a peak in 1974 (Fig. 2). Rainfall trends were similar between the NE and NW core. Calf production 
declined in both regions during the late 1970s in response to the Bovine Tuberculosis Eradication 
Campaign (BTEC) which destocked the entire NSA area of cattle by the early 1980s (Tweddle and 
Livingstone 1994). Restocking then occurred in both regions, reaching peak calf production around 1989. 
Subsequently, calf production in the NW core remained relatively flat until 2006, despite several periods 
of above-average rainfall. In contrast, calf production in the NE was characterized by greater fluctuation, 
increasing when rainfall conditions were improving and decreasing when rainfall conditions were 
deteriorating (Figs. 2 and 3). Few baits were distributed in NSA prior to 1990. Baiting increased in both 
regions after this time, but to a much greater extent in the NW; a pattern which continued until 2008 
(Fig. 2, see also Allen 2010, 2012). From 1990 to 2008, a mean of 3,123 baits were supplied annually to 
the NE region. A mean of 7,587 baits were supplied to the NW core annually during the same period. A 
total of 59,332 and 144,160 baits were supplied to the NE region and NW core during this time (Fig. 2; 
see also Allen 2010, 2012; Allen et al. 2014b).  
INSERT FIG. 2 
INSERT FIG. 3 
Conversion of kangaroo numbers to calf-producing cow numbers showed that kangaroo populations 
comprised between 13% and 36% (mean 26%) of the combined kangaroo-cattle herd in the NW core in 
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any given year (Fig. 4). In 1998, for example, extant kangaroos represented an equivalent of 5,892 calf-
producing cows, whereas in 2007, kangaroos were equivalent to 1,424 calf-producing cows across the 
NW core. On average, kangaroos accounted for 0.09 calf-producing cows/km2 (or ~3,906 calves) for the 
NW core each year. Economic analyses revealed the value of these kangaroos to calf producers (see also 
Wicks and Allen 2012). For example, assuming a net value of $200 per calf-producing cow and a 30% 
level of competition between cows and kangaroos, kangaroo competition with cattle represents an 
annual economic loss of $5.35/km2, or $26,750 for a 5,000 km2 property (Table 2). Assuming a net value 
of $500 per calf-producing cow and a 90% level of competition between cows and kangaroos, kangaroo 
competition with cattle represents an economic loss of $40.11/km2, or over $200,000 annually for a 
5,000 km2 property. Mean property size in NSA is ~6,000 km2. 
INSERT FIG. 4 
INSERT TABLE 2 
Drivers of kangaroo abundance and calf production 
In general, individual rainfall variables were better than baiting variables for explaining kangaroo 
abundance trends. However, combinations of a single rainfall and baiting variable better explained 
kangaroo abundance trends. The best single variables for explaining kangaroo abundance trends in the 
NW core were BaitsOff4yr (adjusted R2 = 51.0, Mallow’s Cp = 1.1), 5yrCumBaits (adjusted R2 = 4.6, 
Mallow’s Cp = 11.7), RainOff1yr (adjusted R2 = 34.6, Mallow’s Cp = 30.7) and 5yrCumRain (adjusted R2 = 
71.1, Mallow’s Cp = 8.0). The best two-variable model achieved an adjusted R2 of 78.7% (p = <0.000) 
using 2yrCumRain and BaitsOff4yr as predictor variables. However, the amount of bait distributed four 
years prior to a given year seemed a biologically irrelevant predictor of kangaroo abundance; the next 
best two-variable model achieved a marginally lower adjusted R2 of 77.6% (p = <0.000) using 
2yrCumRain and 5yrCumBaits as predictor variables as follows: 
Kangaroos/km2 = -2.91 + 0.0167 (2yrCumRain) + 0.000067 (5yrCumBaits) 
Neither rainfall nor baiting variables provided useful predictors of calf production in the NW core. The 
best single variables for explaining calf production trends in the NW core were BaitsOff1yr (adjusted R2 = 
2.8, Mallow’s Cp = 2.8), 2yrCumBaits and 3yrCumBaits (each showing adjusted R2 = 0.0, Mallow’s Cp = 
3.8), AnnualRain (adjusted R2 = 16.0, Mallow’s Cp = 1.1) and 3yrCumRain (adjusted R2 = 32.2, Mallow’s 
Cp = -1.1). The best single variables for explaining calf production trends in the NE region were 
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BaitsOff1yr (adjusted R2 = 4.6, Mallow’s Cp = -0.6), 2yrCumBaits (adjusted R2 = 10.6, Mallow’s Cp = -1.2), 
RainOff1yr (adjusted R2 = 53.4, Mallow’s Cp = 40.4) and 5yrCumRain (adjusted R2 = 83.8, Mallow’s Cp = -
7.6). Thus, baiting did not well explain calf production in either the NE or the NW core, whereas rainfall 
provided a useful predictor of calf production in the NE region, but not in the NW core (Figs. 2 and 3). 
Discussion 
Contrary to the fundamental purpose of controlling dingoes, these results suggest that contemporary 
dingo control practices did not translate into increased regional-level calf production across the beef-
cattle rangelands of northern South Australia (Figs. 2 and 3; see also Allen 2010). Calf production 
fluctuated in line with rainfall in the NE region where baiting was seldom undertaken. Whereas, calf 
production remained flat in the NW core despite temporally and spatially substantial dingo control 
efforts and periods of improving rainfall conditions. Extant kangaroos comprised an average of 26% of 
the combined cattle-kangaroo population in the NW core (Fig. 4). In periods when competition between 
cattle and kangaroos is high, kangaroos can cause substantial economic loss to beef producers (Table 2; 
Wicks and Allen 2012). These data suggest that although calf production can sometimes be improved by 
dingo control at localized levels (Allen 2010; Fleming et al. 2012b), regional-level calf production is not 
uniformly enhanced by extensive and intensive coordinated dingo control in NSA.  
Several explanations may contribute to or explain our results. First, landscape productivity may be lower 
in the NW core given that sheep grazing persisted there longer than it did in the NE region (Allen 2011; 
Allen and West 2013), although the stonier NW land systems are generally accepted to be more 
productive than the sandier NE systems. Second, calf production in the NE may have been bolstered by 
the availability of floodwaters entering this region (and not the NW) through the Georgina River, 
Diamantina River and Cooper Creek systems, although these river flows rarely benefit more than 20% of 
NE properties in most years (B. Allen, unpublished data). Third, even though annual rainfall totals were 
similar between regions (Fig. 2), the timing of local rainfall events may have been different between 
properties or regions (the seasonal timing of rain influences which pasture species appear), although 
these effects are likely to be smoothed-out over the multi-decadal study period. Fourth, property 
infrastructure improvements (e.g. more artificial waterpoints installed, allowing higher stocking rates) 
may have been greater in the NE, but in the absence of such data, it can reasonably be assumed that 
both regions installed new waterpoints at similar rates. Fifth, improved cattle management approaches 
(such as early weaning) may have been more widely practiced in the NE, although the adoption of better 
calf-producing husbandry practices can also be assumed to have occurred at similar rates between 
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regions in the absence of data to the contrary. Sixth, stochastic events (such as cattle disease outbreaks) 
may have been more severe in the NW, although again, such events can reasonably be assumed to have 
occurred similarly in both regions during the study period. Seventh, the introduction of Rabbit 
Hemorrhagic Disease to NSA in 1995 may have facilitated increased kangaroo numbers (freed from 
competition with rabbits) in the following years in a variety of ways, making observed changes in 
kangaroo numbers difficult to attribute to changes in either dingo control or rabbit competition (Mutze 
et al. 2008). Many other contributing factors might also be possible. We do not attempt to account for 
these explanations further. However, one additional potential explanation deserves attention. 
Kangaroo abundance data suggests that kangaroo competition is a major contributor to lost beef 
production in the NW core of NSA (Fig. 4, Table 2; Wicks and Allen 2012). Our results indicate that 
kangaroos consume pasture that could produce an additional 3,906 calves from the NW core each year, 
on average. Hence, if it were possible to eliminate kangaroo competition entirely, beef producers could 
increase stocking rates by 0.09 cows/km2 (or about 25% of existing stocking rates) without increasing 
total grazing pressure on the available vegetation. Assuming a net value of $250 per calf-producing cow, 
moderate levels of kangaroo competition may be responsible for roughly $100,000 in lost income to 
individual beef producers in the NW core each year (Table 2; Wicks and Allen 2012). Total elimination of 
kangaroos is unlikely, but if they could be significantly reduced, their suppression could inject several 
million dollars of beef production revenue directly to livestock producers in the NW core annually. 
However, this does not account for the necessary loss of the kangaroo harvesting industry from the 
area; the NW core being a relatively minor source of kangaroos for the harvesting industry in South 
Australia (DEH 2009). Kangaroo population trends also indicated that kangaroos typically comprise >20% 
of the combined kangaroo-cow herd in any given year (Fig. 4), suggesting that beef production gains 
from reduced kangaroo competition in the NW core are available during both below- and above-average 
rainfall periods. Kangaroo competition undoubtedly affects beef production revenue in NSA (Table 2; 
Wicks and Allen 2012), as it does in other arid and semi-arid sheep production regions (Caughley et al. 
1987; Hacker and McLeod 2003; Coulsen and Eldridge 2010). But the relative strength of the top-down 
and bottom-up processes expected to drive kangaroo abundances have not been well studied 
(Newsome et al. 2001; Choquenot and Forsyth 2013; Prowse et al. 2014). 
Kangaroos are some of Australia’s most significant native herbivores (Coulsen and Eldridge 2010; 
Howland et al. 2014). Rainfall is a well-known driver of kangaroo abundance in the arid zone (Caughley 
et al. 1987; Hacker and McLeod 2003; Coulsen and Eldridge 2010), as it is for many other taxa (Dickman 
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et al. 1999; Robin et al. 2009). Through its obvious effects on vegetation growth, kangaroo populations 
can respond relatively quickly to significant rainfall events, and successive above-average rainfall years 
can increase kangaroo populations substantially (Caughley et al. 1987; Hacker and McLeod 2003; 
Coulsen and Eldridge 2010). This was confirmed by our results, which show cumulative rainfall variables 
to explain a relatively large proportion of the variability in kangaroo abundance trends (see also Allen 
2013, 2015). However, a combination of both rainfall and dingo control better explained changes in 
kangaroo abundance as expected (Choquenot and Forsyth 2013; Prowse et al. 2014; this study). 
Temporally and spatially intensive dingo control appears to produce more kangaroos than cattle, 
indirectly enhancing competition for pasture between them. 
These results are similar to previous findings that suggest that when dingo populations are 
compromised by intensive lethal control, kangaroos achieve greater abundances and are limited by 
rainfall; but kangaroos are limited by dingoes (irrespective of rainfall) when dingoes are infrequently 
subject to lethal control (Dexter et al. 2012; Allen 2013; Choquenot and Forsyth 2013; Letnic and 
Crowther 2013; Prowse et al. 2014; Allen 2015). Kangaroo populations and dingo control efforts in the 
NW core were reportedly very low prior to 1990 (Allen 2010), but dingo control effort subsequently 
increased during that decade, where it remained relatively high until about 1998 (Fig. 2). From 1998 
onwards, dingo control effort became less frequent, occurring roughly every two years (Allen 2012). 
Kangaroo populations almost doubled between 1995 and 1998 and remained high for some time (Fig. 4; 
DEH 2008). However, kangaroo abundance began declining in 2002, approximately four years after 
intensive dingo control was relaxed, suggesting that recovering dingo populations may have suppressed 
kangaroo populations. It is tempting to conclude from these data that while rainfall (or pasture 
availability) is the primary driver of kangaroo abundance, dingoes can suppress kangaroo populations 
and limit them to levels lower than their ecological potential. However, because correlations have no 
power to describe causation (Caughley and Sinclair 1994; Hone 2007; Krebs 2008) and a range of other 
factors may also explain or contribute to our results (see above), the mechanisms responsible for our 
observations remain undemonstrated by this study, and this conclusion requires verification through 
manipulative experiments with greater inferential capability. 
Such an experiment was conducted in arid areas just outside NSA by Eldridge et al. (2002), who found no 
relationships between dingoes and kangaroos during a three-year period of above-average rainfall. A 
similar experiment demonstrated increases of common eastern grey kangaroos (M. giganteus) following 
three years of intensive dingo control (and improving rainfall conditions) in the semi-arid beef 
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production zone of central Queensland (Allen 2013; Allen et al. 2014a; Allen 2015). In subsequent 
experiments conducted at eight additional sites across Australia, including four sites within NSA, 
experimental baiting-induced increases in kangaroos were not apparent during their relatively short-
term studies (Allen et al. 2014a). Mixed relationships between dingoes and macropods have been found 
in temperate areas over longer timeframes (Claridge et al. 2010; Arthur et al. 2013). These studies 
support observations described here and elsewhere which report that dingoes can limit kangaroo 
populations in open areas under certain conditions (Choquenot and Forsyth 2013; Allen et al. 2014a; 
Prowse et al. 2014), and that the greatest densities of kangaroos occur in places relatively devoid of 
dingoes (Caughley et al. 1980; Pople et al. 2000; Letnic and Crowther 2013.  
Annual kangaroo abundance estimates for the NE region would have been immeasurably useful to our 
study, though none are available because cattle producers there have not considered kangaroo 
abundances great enough to warrant establishment of a harvesting industry – the ultimate purpose 
behind kangaroo density surveys (DEH 2008). However, anecdotal reports claim that ‘most of the 
kangaroos in NSA are in the NW because they bait dingoes there’, concurring with several 
geographically-limited studies (Caughley et al. 1980; Pople et al. 2000; Newsome et al. 2001; Fillios et al. 
2010; Letnic and Crowther 2013; Allen et al. 2014a) that report kangaroo abundances to be persistently 
low in the NE region. The reliability of some of these studies has been questioned over critical 
inadequacies associated with their experimental designs (Allen 2011; Allen et al. 2013b), but the 
information from NSA presented here adds support to the original reports by examining larger-scale and 
longer-term data that are not influenced by most of the inadequacies identified. Our data builds on 
previous desktop modeling studies (e.g. Choquenot and Forsyth 2013; Prowse et al. 2014) by providing 
empirical data supportive of their predictions. When each of the dingo-kangaroo studies are viewed 
collectively, it is difficult to escape the conclusion that dingoes can limit kangaroo abundance in arid and 
semi-arid livestock production areas. 
These predator-prey relationships may be particularly important for beef producers operating within 
these areas. As costly as dingo predation of calves can sometimes be in NSA (Fleming et al. 2012b), 
occasional high levels of calf predation may be economically less important to beef producers than 
systemic and ongoing kangaroo competition, and dingoes are likely to be a limiting factor for kangaroo 
populations (Shepherd 1981; Allen 2013; Choquenot and Forsyth 2013; Letnic and Crowther 2013; 
Prowse et al. 2014; Allen 2015). Hence, if dingoes can limit kangaroo populations across large spatial 
scales and economically-significant cattle predation events are infrequent, then the ultimate economic 
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value of dingo control programs may be a trade-off between reduced cattle predation by dingoes and 
increased competition for pasture by native herbivores freed from dingo suppression (Fig. 5). Although 
dingoes have been shown to kill over 30% or $200,000 worth of calves within a few months in NSA and 
other places in some circumstances (Fleming et al. 2012b; Allen 2014), causing substantial economic 
losses to the beef industry (Gong et al. 2009; Hewitt 2009), such losses do not occur routinely, but 
appear to be related to the reduced availability of preferred prey species in below-average rainfall years 
only (Eldridge et al. 2002; Allen 2014, 2015). Accounting for the indirect costs of dingo control 
associated with increased competition with kangaroos indicates that conservative dingo control 
practices may capitalize on the kangaroo-suppressive effects of dingoes, indirectly reducing competition 
for pasture and increasing the carrying capacity of cattle in arid and semi-arid systems (Fig. 5). 
Knowledge of the environmental triggers of calf predation events may provide decision-support data 
useful for determining when to control dingoes (and for how long), because short-term control may still 
be required (and economically justified; Wicks and Allen 2012) to protect calves during high-risk times. 
INSERT FIG. 5 
Whether or not the benefits of livestock predators to livestock producers can be harnessed to increase 
livestock production will require a greater understanding of the relative economic costs of predation 
and competition. If the costs of native herbivore competition with livestock are greater than the costs of 
livestock predation, and the predators have greater effects on native herbivores than they do on 
livestock, then the intensive control of livestock predators may not yield the economic benefits 
anticipated by livestock producers. However, where livestock are simply incompatible with predators 
because of unsustainably high rates of predation (e.g. in the case of dingoes in sheep-grazing systems; 
Allen and West 2013), any indirect benefits of top-predators are unlikely to compensate for the losses. A 
range of other socio-ecological factors must also be considered before top-predators are managed 
positively (Treves and Karanth 2003; Sergio et al. 2008; Fleming et al. 2012a). Ultimately, the best 
outcome for managing top-predators in food webs that include livestock production should seek to 
retain the ecological functions of top-predators while enhancing livestock production. Such a situation 
may not always be possible, but may be achievable in places where predators have strong effects on 
livestock competitors without jeopardizing the sustainability of profitable livestock production or unduly 
compromising other economic, environmental or social values.  
More generally, these findings also highlight how increased knowledge of species interactions can 
reconcile competing wildlife management interests in agricultural food webs. Reserve systems alone are 
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typically unable to conserve wide-ranging wildlife species, such as large mammals (Runge et al. 2014). 
Thus, attention is turning to the conservation value of other widespread land uses, such as livestock 
grazing land. Balancing the needs of agriculture with those of wildlife on these lands is challenging 
(Phalan et al. 2011; Gordon et al. 2012; Kueffer and Kaiser-Bunbury 2013). After all, the extirpation of 
many wildlife species from agricultural areas is a direct result of these apparently mutually-exclusive 
interests. However, increased knowledge of species interactions can sometimes yield information on 
optimal wildlife management strategies that simultaneously benefit multiple interests. Identifying these 
strategies will become increasing important as wildlife distributions decline and agricultural production 
increases into the future. 
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Figure captions 
Fig. 1 – Location of the study areas in northern South Australia (Map generated in ArcGIS v9.x using 
publically available data from www.ga.gov.au; accessed September 2013).  
Fig. 2 – Long-term trends in rainfall (top), calf production (centre) and 1080 bait supply (bottom; results 
stacked) in the northeast (NE) and northwest (NW core) pastoral regions of northern South Australia 
1972–2008.  
Fig. 4 – The number (solid line) and percentage (dashed line) of calf-producing cow-equivalents 
represented by the extant kangaroo population in the NW core of the NW pastoral zone in northern 
South Australia, 1995–2009. 
Fig. 5 – Breakeven curves for dingo control programs in NSA (adapted from Wicks and Allen 2012). To 
use: (1) locate the appropriate net value of a calf-producing cow on the vertical axis, (2) locate the 
estimated level of % competition between cattle and kangaroos on the horizontal axis, (3) identify the 
breakeven curve that represents the present or predicted intrinsic growth rate in calf predation by 
dingoes, then (4) if that point is above the curve, the economic costs incurred by dingo control will likely 
exceed the economic benefit gained (i.e. dingo control is not advised). 
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Tables 
 
 
Table 1 – Description of predictor variables used to explore the influence of dingo control (baiting) and 
rainfall on kangaroo abundance and calf production trends. 
Rainfall variables Baiting variables 
Annual rainfall, Jan–Dec in a given year 
(AnnualRain) 
Total baits supplied, Jan–Dec in a given year 
(AnnualBaits) 
Cumulative rainfall over the previous 2 yrs 
(2yrCumRain) 
Cumulative number of baits supplied over the 
previous 2 yrs (2yrCumBaits) 
Cumulative rainfall over the previous 3 yrs 
(3yrCumRain) 
Cumulative number of baits supplied over the 
previous 3 yrs (3yrCumBaits) 
Cumulative rainfall over the previous 4 yrs 
(4yrCumRain) 
Cumulative number of baits supplied over the 
previous 4 yrs (4yrCumBaits) 
Cumulative rainfall over the previous 5 yrs 
(5yrCumRain) 
Cumulative number of baits supplied over the 
previous 5 yrs (5yrCumBaits) 
Annual rainfall 1 yr prior (RainOff1yr) Total baits supplied 1 yr prior (BaitsOff1yr) 
Annual rainfall 2 yrs prior (RainOff2yr) Total baits supplied 2 yrs prior (BaitsOff2yr) 
Annual rainfall 3 yrs prior (RainOff3yr) Total baits supplied 3 yrs prior (BaitsOff3yr) 
Annual rainfall 4 yrs prior (RainOff4yr) Total baits supplied 4 yrs prior (BaitsOff4yr) 
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Table 2 – The estimated annual cost of kangaroo competition (AUD$/km2) for different levels of 
kangaroo-cattle competition (see also Wicks and Allen 2012). 
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Figures 
 
 
 
Fig. 1 – Location of the study areas in northern South Australia (Map generated in ArcGIS v9.3 using 
publically available data from www.ga.gov.au; accessed September 2013). 
 
 
  
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
 
 
 
Fig. 2 – Long-term trends in rainfall (top), calf production (centre) and 1080 bait supply (bottom; results 
stacked) in the northeast (NE) and northwest (NW core) pastoral regions of northern South Australia, 
1972–2008. 
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Fig. 3 – Short-term calf production responses to rainfall (bottom) and dingo control (top) in the year 
prior to mustering and counting calves, in the NE region (hollow marks) and NW core (solid marks) of 
northern South Australia, 1990–2008. 
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Fig. 4 – The number (solid line) and percentage (dashed line) of calf-producing cow-equivalents 
represented by the extant kangaroo population in the NW core of the NW pastoral zone in northern 
South Australia, 1995–2009. 
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Fig. 5 – Economic breakeven curves for dingo control programs in NSA (adapted from Wicks and Allen 
2012; available as supplementary material). To use: (1) locate the appropriate net AUD$ value of a calf-
producing cow on the vertical axis, (2) locate the estimated level of % competition between cattle and 
kangaroos on the horizontal axis, (3) find the intersection of these two values, (4) identify the breakeven 
curve that represents the present or predicted intrinsic growth rate in calf predation by dingoes, then 
(5) if that point is above the selected curve, the economic costs incurred by dingo control will likely 
exceed the economic benefit gained (i.e. dingo control is not advised). 
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Graphical abstract 
  
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
Highlights 
 Cattle production fluctuates independent of dingo control 
 Kangaroos compete with cattle for pasture, and dingoes may suppress kangaroos 
 Kangaroo population trends are best explained by both top-down and bottom-up factors 
 Conservative dingo control practices may indirectly improve cattle production 
 Ecological knowledge can reconcile competing predator management interests 
 
 
A pack of dingoes eating a cow in the Strzelecki Desert, Australia (Photo: Benjamin L. Allen) 
